While some potential biomarkers for ocular diseases have been reported, it is difficult to select a single biomarker that is most important in each ocular disease. After reviewing multiple biomarker studies conducted on small sample subgroups, we concluded that newer analysis techniques may result in different and more specific findings. While progress has been made in developing various omics studies, studies comparing tears of normal and diseased eyes are still lacking. Preliminary omics studies suggest the importance of further studies aimed at identifying potential ocular-associated lipid, non-lipid/protein, and protein biomarkers. In addition, combining potential biomarkers might be a good strategy for the diagnosis and assessment of ocular diseases.
sensitivities of the MS methods used by various investigators and the high dynamic range of tear fluid, a small group of proteins (lysozyme, lipocalin, and lactoferrin) account for 70%-80% of the protein content [18] , which may make detection of less abundant proteins difficult without prefractionation of samples. The results of MS studies have revealed a common set of [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] proteins that are consistently identified independent of the sampling and MS detection method. While progress has been made in developing proteomic baseline studies of tear proteins, there have been few studies that compare normal and diseased tears.
While the meibomian gland has been primarily viewed as a lipid factory with a primary purpose of producing and excreting lipids onto the ocular surface, a recent study reported the identification of more than 90 proteins in human meibomian gland secretion [19] . The identified proteins included cellular proteins, such as cytoplasmic, mitochondrial, nuclear, and membrane proteins, which would be expected because of the holocrine nature of the meibomian gland Table 1 . Unexpectedly, a number of lipid-binding proteins were also reported, such as potential phospholipid-transporting ATPase IK, and lipocalin 1, which binds to a number of lipophilic ligands.
Proteins in the tear fluid may play crucial roles in maintaining eye health. Perturbation of proteins in the tear fluid may lead to the development of disease, and thus, tear fluid proteins might be interesting targets for disease diagnosis and further functional characterization.
Lipidomic analysis of tear fluid
The lipid layer of the tear film is a complex mixture of triglycerides, free fatty acids, diesters, cholesterol and wax esters, free cholesterol, hydrocarbons, and polar lipids produced primarily by the meibomian gland [20, 21] . A three-layered structure (lipid layer, aqueous-mucin layer, and glycocalyx layer) is the generally accepted model of the
Introduction
Tear fluid serves several functions. The primary role of tear fluid is to provide the cornea with a surface of high optical quality and maintain the well-being of the corneal and conjunctival epithelium. The secondary function of tear fluid is to lubricate the eyelids during blinking. Furthermore, tear fluid is known to have bactericidal properties [1] . Performing these functions requires a complex multilayer film containing proteins, enzymes, lipids, and salts produced by more than one glandular system. Clinical evidence suggests that relatively minor changes in concentrations and composition of elements within the tear fluid can profoundly affect tear film stability and ocular health [2] [3] [4] .
A number of chronic diseases of the ocular surface produce symptoms known collectively as chronic ocular discomfort. Blepharitis, allergic eye disease, hyposecretive dry eye, and conjunctivochalasis are among the most frequent ocular surface disorders, and it has been demonstrated that inflammation plays an essential role in the pathogenesis of these conditions. However, we currently have little definitive information regarding which specific tear fluid components change in response to these diseases; we also do not know the concentrations of these components that can induce physiological changes in the tear film. In this paper, we review the data related to biomarker identification of tear fluid.
Proteomic analysis of tear fluid
The major tear proteins include lysozyme, lactoferrin, secretory immune-globulin A, lipocalin, albumin, and lipophilin; the protein content in tears reportedly varies between 6 and 10mg/mL [5, 6] . Up-or down regulation of tear proteins can be indicative of the underlying pathology [7] [8] [9] [10] [11] . Qualitative and quantitative techniques that have been applied to the study of the tear proteome include gel electrophoresis [12] , enzyme-linked immunosorbent assay, and highperformance liquid chromatography [13] . More recently, analytical methods with high sensitivity and resolution have been used in detailed studies of changes in tear composition following injury or disease. These methods, which have been used to map tear protein profiles, include several mass spectrometry (MS) technologies, such as matrix assisted laser desorption ionization-time of flight (MALDI-TOF), surface-enhanced laser desorption ionization-TOF (SELDI-TOF), linear ion trap-Fourier transform, and liquid chromatography coupled with electrospray ionization (LC/MS) [10, 11, [14] [15] [16] as well as multiplex bead analysis systems [17] . The wide range in the number of proteins detected and identified in tears results both from differing compositional make-up of the tear film [21] . Current tear film models suggest that a chemically stable, lamellar layer of polar phospholipids lies anterior to the aqueous fluid and binds the nonpolar meibomian oil to the aqueous layer [22] . The presence of this polar phospholipid interface is thought to be critical to the spreading of the nonpolar lipid film over the aqueous layer. The polar phosphorylated lipids of the inner layer act as surfactants and as an anchoring layer at the lipidaqueous interface, whereas the outer, nonpolar layer primarily retards evaporation of the aqueous layer from the tear film. The instability of the outer lipid layer of the tear film, due to changes in the polar lipid concentration, has been identified as a potential factor in the development of dry eye syndrome [23, 24] .
Analysis of the meibum and tear lipids has also been hampered by a lack of sensitive analytical methods and the need for pooled samples and extensive sample manipulation before analysis (tags or derivatization), similar to tear proteins. Despite the difficulties, the chemical composition of human meibomian gland liquid secretions has been characterized by pico-nuclear magnetic resonance [25] and thin-layer chromatography [26] . Fatty acid fragment profiles have been obtained using LC/MS [27] .
Ocular disease and biomarker research
An important ongoing and future focus of tear-and meibum filmassociated biomolecule research is the measurement and identification of disease state biomarkers [28] . To date, there are a number of tear fluid-and meibum-associated lipids and proteins that have been identified as possible disease-related biomarkers. The new wave of "omics" methods, such as proteomics, metabolomics, glycomics, and lipidomics, have made the identification of disease state markers in meibomian lipid and tear fluid more achievable. Development of bioinformatics databases associated with mass spectrometry and genetic sequencing have further advanced these investigative techniques. Once identified, biomarkers can be used for clinical diagnostics and early detection of dry eye diseases, such as keratoconjunctivitis siccaassociated dry eye (evaporative keratoconjunctivitis sicca), meibomian gland disease, Sjögren syndrome, blepharitis, androgen deficiency, age-related dry eye, and lacrimal gland dysfunctions. Proper and specific diagnosis allows medical intervention that may substantially influence relative success of early treatments and subsequent cures.
Biomarkers for corneal wounding
Tears contain a complex mixture of proteins and while changes in some peptides have been found, the fate of most of the more than one hundred tear proteins remains unknown during corneal wound healing. Such potential changes in tear proteins are important because they play important roles in regulating epithelial migration, proliferation and differentiation, cell-to-cell and cell-to-matrix interactions, stromaextracellular matrix production, inflammation, scar formation, and protection against pathogens. Previous studies have identified some tear proteins that may participate in the corneal wound-healing cascade. For example, fibronectin [29] , a glycoprotein present in plasma and the extracellular matrix, has a role in epithelial cell migration and is a temporary substrate for cells migrating on the corneal surface. Other extracellular matrix related proteins released in tear fluids, such as plasminogen activator [30] and matrix metalloproteinases (MMP-8 and MMP-14) [31] , also have been suggested to play roles in the wound healing process. Neuropeptides, such as substance P (SP) [32] and calcitonin gene-related peptide (CGRP) [33] , are important molecules because of their roles in the neurogenic phase of a wound response, which results in the breakdown of the blood-ocular barrier and allows large numbers of neutrophils to access the tears. A number of growth factors and cytokines, including epidermal growth factor (EGF) [34] , transforming growth factor-β [35] , vascular endothelial growth factor [35] , platelet-derived growth factor-BB [36] , hepatocyte growth factor [37] , basic fibroblast growth factor [38] , tumor necrosis factor-α [39] , and interleukin (IL)-6 [40] , have been found in tears and may modulate wound healing by stimulating epithelial growth, whereas others may trigger epithelial cell apoptosis. Potential tear protein biomarkers for corneal wounding have been observed in rabbit and human tear protein studies utilizing electrospray ionization (ESI)/MS or SELDI-TOF-MS Protein Chips Table 2 and included 1) an eight-fold increase in lysozyme [14] ; 2) upregulation of neutrophil defensins NP-1 and A-defensins (HNP-1, HNP-2, and HNP-3) Proteomic SELDI-TOF-MS Protein Chip Tear (Human) Ocular surface surgery Up (>10) [42] Ratio: (diseased eye)/(normal eye) HPLC-ESI/MS: high-performance liquid chromatography-electrospray ionization/mass spectrometry, SELDI-TOF: surface-enhanced laser desorption ionization-time of flight [41] ; and 3) upregulation of human a-defensins, HNP-1, HNP-2, and HNP-3 [42] .
Biomarkers for dry eye
The number of patients with dry eye is rapidly increasing. Patients with dry eye typically report discomfort, burning, irritation, photophobia, and blurred vision and have an elevated risk of corneal infection and irreversible tissue damage [43] . Several potential tear biomarkers for dry eye syndrome have been identified Table 3 and Table 4 . Differential regulation of lactoferrin (down), EGF (down), and aquaporin 5 (up) were found to be associated with a variety of dry eye syndromes (non-Sjögren, Sjögren, and Stevens-Johnson) [9] . Seven tear biomarkers were found to be generally associated with dry eye syndrome: up-regulation of the C-terminal fragment of alpha-1antitrypsin and calgranulin A, and downregulation of nasopharyngeal carcinoma-associated proline-rich protein, proline-rich protein 4, and proline-rich protein 3 [10] . In another study, up-regulation of 6 proteins, α-enolase; α-1-acid glycoprotein 1; S100 A8 (calgranulin A); S100 A9 (calgranulin B); S100 A4; and S100 A11 (calgizzarin), and down-regulation of 4 proteins, prolactin-inducible protein (PIP); lipocalin-1; lactoferrin; and lysozyme, [44] was associated with dry eye syndrome. In addition, dry eye tear protein exhibited differential expression of proteins as observed in the 25-35 kDa regions. One of the proteins with significantly reduced levels was proline-rich protein 4 [45] . Calgranulin A and proline-rich protein 4 were identified in the reports of both groups. Ten unidentified proteins were found to be differentially regulated in Sjögren syndrome. These ten proteins were only identifiable by their masses; seven proteins were downregulated (2094, 2743, 14191, 14702, 16429, 17453 , and 17792 m/z) and three were upregulated (3483, 4972, and 10860 m/z) [7] .
Polar and nonpolar lipid expression changes were observed in the tears of a surgically induced dry eye rabbit model. In this model, the lacrimal and Harderian glands were removed from one eye to produce a dry eye condition, while the contralateral eye was kept normal as a control, and the tear lipids were determined by ESI/QhQ/MS [46] and Ratio: (diseased eye)/(normal eye) ND: not determined, 1-D-SDS-PAGE: one-dimensional-sodium dodecyl sulfate polyacrylamide gel electrophoresis, MALDI-TOF/MS: matrix assisted laser desorption ionization-time of flight/mass spectrometry, SELDI-TOF: surface-enhanced laser desorption ionization-time of flight, ESI-QhQ: electrospray ionization-Quadrupolehexapole-quadrupole, ELISA: enzyme-linked immunosorbent assay, iTRAQ: isobaric tag for relative and absolute quantitation Table 3 : Tear-and meibum-associated potential protein biomarkers tentatively identified for dry eye syndrome in animal models and human subpopulations [28] . α-enolase α-1-acid glycoprotein 1 S100 A8 Calgranulin A S100 A9 Calgranulin B S100 A11 Calgizzarin S100 A4 Table 4 : Tear-and meibum-associated potential lipid and non-lipid/protein biomarkers tentatively identified for dry eye in animal models and human subpopulations [28] . KCS: keratoconjunctivitis sicca Ratio: (diseased eye)/(normal eye) ND: not determined, ESI-QTOF/MS: electrospray ionization-quadrupole time-of-flight mass spectrometry /mass spectrometry, 2-D-SDS-PAGE: two-dimensional-sodium dodecyl sulfate polyacrylamide gel electrophoresis, ELISA: enzyme-linked immunosorbent assay, TLC/HPLC: thin-layer chromatography/high-performance liquid chromatography, CI-GC: chemical ionization-gas chromatography MALDI-TOF [47] . There was a significant increase in the concentrations of three types of sphingomyelin lipids and a phosphatidylserine lipid in dry eye tears compared with normal tears. The presence of different sphingomyelin and phosphatidylserine species in dry eye tears suggests that the meibomian gland might compensate to stabilize the tear film in the absence of lacrimal and Harderian gland secretions. In addition, Sullivan et al. [48] described the effect that complete androgen insensitivity syndrome and aging have on the polar and neutral lipid fractions of patient meibum samples. The meibum obtained from women with complete androgen insensitivity syndrome exhibited significant differences in expression levels of nonpolar lipids, including wax and cholesterol esters. The polar lipid fractions also exhibited differences associated with the complete androgen insensitivity syndrome condition that included certain phosphatidylcholine and phosphatidylethanolamine species. Finally, significant differences were observed in the nonpolar and polar lipid profiles associated with aging, suggesting that alterations in the lipid might be related to the agerelated increase of observed cases of dry eye syndrome.
In a human tear biomarker study, diadenosine polyphosphates were found to be increased 100-345-fold in patients with reduced tear secretion and symptomatic dry eye [49] . The observed increase in diadenosine polyphosphates could thus be used as an objective biomarker in the initial observance of dry eye condition. In addition, tear osmolarity correlates with dry eye severity, and therefore could provide a biomarker for disease severity [50] . 
Biomarkers for blepharitis
Chronic blepharitis is one of the most common eye diseases and is an extremely complex condition that manifests with several different and overlapping signs and symptoms [51] . Symptoms can include crusting of the lid margins, itching and burning eyelids as well as signs of eyelid inflammation, and associated conjunctival and corneal changes. Several investigators have discovered potential tear biomarkers for blepharitis Table 5 . Down regulation of nine proteins (serum albumin precursor, α-1 antitrypsin, lacritin precursor, lysozyme, Ig-κ chain VIII, prolactin inducible protein (PIP/GCDFP-15), cystatin SA-III, pyruvate kinase, and an unnamed protein) has been found to be associated with blepharitis [8] . Moreover, inflammatory cytokine IL-6 was found to be overexpressed in chronic blepharitis [52] .
In rabbit lipid biomarker studies, Nicolaides et al. produced a clinically evident meibomian gland deficiency model by daily topical application of 2% epinephrine for a period of 6 months-1 year [53] . Over time, the rabbit model resembled meibomian gland deficiency or chronic posterior blepharitis in humans. In this animal model, the content of both free sterols and ceramides were increased compared with those of normal controls. In a study comparing meibomian gland lipids of patients with chronic blepharitis, Shine and McCulley observed that the expression of polar lipids phosphatidylethanolamine and sphingomyelin was significantly reduced in patients with chronic blepharitis in conjunction with keratoconjunctivitis sicca, compared to individuals with chronic blepharitis and non-keratoconjunctivitis sicca-like symptoms [23] . Polar lipids, such as sphingomyelin and phosphatidylethanolamine are zwitterionic phospholipids that have been suggested to play a significant role in maintaining the interfacial layer between the aqueous and oil layers of the tear film. Foulks et al. [54] suggested that the ordering of lipid molecules is altered in meibomian gland dysfunction and azithromycin can improve the abnormal condition in a manner that correlates with clinical response to therapy.
Biomarkers for conjunctivochalasis
Conjunctivochalasis, defined as a redundant, loose, nonedematous inferior bulbar conjunctiva interposed between the globe and the lower eyelid, has been shown to cause different types of ocular surface irritation [55] . This disorder is a frequent cause of chronic ocular discomfort, such as irritation, epiphora, dryness, and blurred vision, and it generally affects elderly people. Although several reports regarding the etiology of conjunctivochalasis have been published, there continues to be a discrepancy between a theory that emphasizes aging and ocular movement and a theory that emphasizes ocular surface inflammation and delayed tear clearance as etiological factors. Several investigators have found potential tear biomarkers for conjunctivochalasis Table 6 . Twenty-four proteins were significantly upregulated in conjunctivochalasis compared with controls [56] . Eleven proteins were identified, which included proteins belonging to the S100 family (A8, A9, A4; 2.44, 1.71, and 2.82 fold upregulation, respectively), guanosine triphosphate-binding protein 2 (1.95 fold), L-lactate dehydrogenase A-like 6B (2.32 fold), fatty acid-binding protein (2.01 fold), keratin type I cytoskeletal 10 (1.81 fold), glutathione S-transpherase P (2.27 fold), peroxiredoxin-1, peroxiredoxin-5 (1.79 and 1.92 fold, respectively), and cullin-4B + glyceraldehyde 3-phosphate dehydrogenase (1.96 fold). Moreover, inflammatory cytokines IL-1β and IL-6 were found to be overexpressed in conjunctivochalasis [52] .
Conclusions
While some potential biomarkers for ocular diseases have been reported, it is difficult to select a single most important biomarker for each ocular disease. Some of the reviewed biomarker studies were conducted on small sample subgroups; newer analysis techniques may result in different and more specific findings. While progress has been made in developing various omics studies, studies comparing normal and diseased eye tears are still lacking. Preliminary studies suggest the importance of further research targeted at identifying potential ocular-associated lipid and non-lipid/protein biomarkers and protein biomarkers.
In dry eye and conjunctivochalasis, upregulation of S100 family proteins has been identified. S100 family proteins are markers of inflammation and oxidative processes, and monitoring their levels in tears might be useful for assessing the severity and progression ocular diseases. In dry eye, down-regulation of proline-rich proteins has been identified. Some cytokines may be upregulated in inflammatory eye conditions. Combining several of the potential biomarkers may be a good strategy for diagnosis and assessment of ocular diseases. Table 6 : Tear-and meibum-associated potential protein and lipid biomarkers tentatively identified for conjunctivochalasis in animal models.
Biomarker
Omics Analytical Method Sample Source Marker type Regulation Ref.
Protein S100-A8 Protein S100-A9 Protein S100-A4 GTP-bunding protein 2 L-lactate dehydrogenase A like 6B Fatty acid-binding protein Keratin type I cytoskeletal 10 Glutathione S-transferase P Peroxiredoxin- 
